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The past decade has seen an increase in the number of rodents being kept as pets and 
subsequently in the number of rodent owners seeking veterinary sen/ices. The Amer¬ 
ican Veterinary Medical Association (AVMA) reported more than 3 million pet rodents 
in their 2007 US Pet Ownership & Demographics Sourcebook, nearly double the 
number reported in the 2001 statistics. 1,2 These new miniature “companion animals” 
have the advantage of being inexpensive to maintain and easily and humanely housed 
with a minimum of space. The common rat (Rattus norvegicus) has become increas¬ 
ingly popular, particularly as novel varieties/genetic mutations have been introduced 
to the pet market. The average laboratory or domestic pet rat has a life expectancy 
of approximately 2.5 to 3 years, although 4 years and longer have been reported. 3 
Rats are intelligent, trainable, and are responsive to, and even seek out attention 
from, their caregivers. This behavior emulates that of more traditional companion 
animals and supports the formation of the human animal bond. Rat owners will 
seek out quality veterinary medical care to improve and extend the life of their pet. 
As with traditional companion animals, such as the dog and cat, the aged rat is 
susceptible to various geriatric diseases, many of which are analogous to geriatric 
canine and feline maladies. The type and frequency of disease may vary with the 
strain, stock, or variety of rat. 3 

This article describes disease processes, diagnostics, therapeutics, and husbandry 
management in the aging rat. The diseases described are not intended to be all inclu¬ 
sive but to represent some of the more common findings. Most of the information on 
diseases, disease pathology, procedures, and pharmaceutical recommendations and 
dosages are derived from laboratory animal medicine. Many of the procedural and 
pharmaceutical recommendations are based on empirical dose ranges extrapolated 
from other species, trial and error in the laboratory setting, and anecdotal reports. 
Rat/rodent pet owners should be advised of this and be made aware of potential risks 
involved in treatment of their pets, particularly in a compromised geriatric animal. 
References for rodent therapeutics may be found in The Veterinary Clinics of North 
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America, Exotic Animal Practice, 36 the ACLAM Formulary for Laboratory Animals, 3rd 
edition, 9 and the Exotic Animal Formulary, 3rd edition. 10 

Basic physiology and anatomy, symptoms of disease, and methods for physical 
examination of the rat have been covered by others. 3-5 In the geriatric rat, particular 
attention should be paid to gait, stiffness and coordination, “lumps and bumps,” 
respiratory effort, evidence of ascites, and fecal or urinary soiling. Porphyrin pigment, 
a red discoloration, may be seen around the eyes and nares in a stressed or compro¬ 
mised rat of any age. Table 1 includes a synopsis of normal rat physiologic data. 

RENAL DISEASE 

Chronic progressive nephrosis/nephropathy (PGN, CPN) is one of the more common 
causes of death in aged rats and the incidence has been reported as high as 75% in 
some strains (Sprague Dawley). 6 The disease occurs more frequently in males and is 
generally of greater severity than the disease in females. Gross lesions of CPN may be 
found as early as 6 months of age in some strains of rats but housing and diet may play 
a significant role in incidence. Early gross lesions of the disease demonstrate classic 
cortical surface pitting. As the disease progresses, interstitial fibrosis, segmental glo¬ 
merulosclerosis, dilation of cortical and medullary tubules with eosinophilic proteina¬ 
ceous casts and secondary hyperparathyroidism with dystrophic mineralization in the 
kidney, gastrointestinal tract, lungs, and large arteries may be found. Hypertension, 
ascites, and polyarteritis nodosa have been associated with late-stage disease. 3,6 
Rats may have severe disease, seem to compensate well, then suddenly decompen¬ 
sate and die. Weight loss, lethargy, and proteinuria (>20 mg/dL) may be the only overt 
symptoms. 7 ' 8 The astute owner may note polydypsia or polyuria. (Normal urine 
production in a healthy rat in a 24-hour period is approximately 5.5 mL/100 g body 
weight; water consumption per 24-hour period is 8-12 mL/100 g body weight) 3,9 
Blood chemistry evaluation may reveal increased blood urea nitrogen and creatinine 
levels, decreased serum albumin/globulin ratio, and hypercholesterolemia. Glomer¬ 
ular filtration rate (GFR) may be decreased by 25% in very aged rats (30 months or 
greater). 8,9 Differential diagnoses should include chronic bacterial pyelonephritis, 
congenital hydronephrosis, ischemic injury, and toxic nephrosis. 6 

Diagnostics 

Rats and mice typically urinate when handled. Free catch urine samples may be obtained 
in this way during examination. Alternatively, the bladder is generally easily palpated 
in the nonobese rat and a bladder tap may be performed using a 25-gauge 0.5-inch 
needle. Preferably, the fur on the abdomen should be shaved (a battery-operated 


Table 1 

Data compiled from Laboratory animal medicine, 2nd edition 
formulary, 3rd edition 9 

and the Exotic animal 

Heart rate 300-500 beats/m in 

Blood volume 

6.0-6.4 mL/100 g body weight 

Respiratory rate 

85 respirations/min 

Body temperature 

37.5°C 

Food consumption/24 h 

5-6 g/100 g body weight 

Water consumption/24 h 

8-12 ml/100 g body weight 

Basal metabolism rate (400 g rat) 

35 kcal/24 h 
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moustache clipper with a 1 -inch blade works well and creates minimal noise) and the 
skin disinfected before needle tap. An assistant can gently restrain the rat on its back 
using one hand to restrain the head and forelimbs and the other to extend the rear 
limbs. The rat’s head should be pointed slightly downward to displace the intestines 
cranially. The bladder may then be digitally isolated with a thumb and forefinger for 
sampling. Fractious animals should be sedated. The ventral prostate is large and 
bilobed in the male rat. It lies over the base and neck of the bladder and may 
completely cover a small bladder. Care should be taken not to hit the prostate and 
a bladder tap should not be attempted if the bladder is not easily isolated. Table 2 
details reference ranges for normal rat urine. 

Blood work may also be performed, although traditional experimental sites for blood 
collection in the rat, such as orbital bleeds or laceration of tail vessels, may not be 
aesthetically pleasing in the clinical situation. The lateral caudal tail vein can be easily 
accessed for obtaining blood samples and administration of fluids and therapeutics. 
Commercial laboratory rat restrainers, guillotine cones, or towels wrapped around 
the rat may be used to assist manual restraint during collection. Care should be taken 
not to restrict the thorax or obstruct the nares and mouth. Isoflurane anesthesia via 
chamber/facemask may be necessary or advantageous: chamber sedation (3%-4% 
isoflurane in 100% oxygen) followed by 1.5% to 2% isoflurane in 100% oxygen via 
facemask. Facemasks may be fashioned from syringe cases. A latex glove finger or 
dental damn material may be used as a diaphragm over the end. Small cable ties 
may be used to secure the diaphragm to the cone. Sevoflurane may be preferred to 
isoflurane, and has worked well in compromised rats because of its rapid induction 
and emergence from anesthesia. (Shannon Hoppes, DVM, Texas A&M, College 
Station, Texas, August 2009, personal communication.) Additional information on 
anesthesia of rodents may be found in The Veterinary Clinics of North America, Exotic 
Animal Practice , 40 Anesthesia and Analgesia in Laboratory Animals, 38 and Laboratory 
Animal Anesthesia 39 The tail vein may be accessed using a 1-inch 21- or 23-gauge 
catheter or needle and the blood sample may be obtained by insertion of a capillary 
tube into the hub of the needle or catheter. Alternatively a few drops of blood may 
be dripped into a microtainer. The dorsal tarsal vein may also be accessed in the 
rat. A 27-gauge needle is recommended; 500-1000 pL can be safely taken from the 
average adult (250 g or more) rat and divided between ethylenediaminetetraacetic 
acid (EDTA) and serum microtainer tubes. Generally, a single maximum blood draw 
of 5.5 mL/kg of rat is safe, with a 2-week recovery period before repeating. 10 

Prevention 

Laboratory rat strains such as the Sprague Dawley and Fischer 344, known to have 
increased incidence of CPN, have decreased incidence and severity when on 25% 


Table 2 

Data created from Laboratory animal medicine, 2nd edition 3 and the Exotic 
animal formulary, 3rd edition 9 

Urine volume/24 h 

5.5 mL/100 g body weight 

Urine pH 

7.3-8.S 

Urine specific gravity 

1.022-1.070 

Protein 

<20 mg/dL; <30 mg/dL 

Urine osmolarity 

1659 mOsm/kg of H 2 0 

Urine Na + :K + excretion/24 h 

1.63 mEq; 0.83 mEq/100 g body weight 











to 30% reduction in caloric intake, relative to ad libitum feeding. 11 It is thought that 
overfeeding results in prolonged increased renal blood flow and GFR. 12 Although 
some inbred laboratory strains of rats have been fed commercial rodent diets (protein 
concentration of 22%-25%) ad libitum, without development of significant renal 
disease, prevention of overfeeding in pet rats may help to delay the onset and 
decrease the incidence of CPN. 8 

Treatment 

As with the aged dog or cat, treatment is palliative. Lowering the protein content in the 
diet and supplemental fluids for “stressed” rats may ameliorate the situation temporarily 
(0.9% saline or 50:50 saline/iactated Ringer solution; dosed at 50-100 mL/kg/24 h 
maintenance dose warmed to body temperature 9 ). Recommended dosage volume for 
fluids is 25 mL/kg maximum per subcutaneous administration: 10-25 mL/kg maximum 
per intraperitoneal administration using a 25- and 23-gauge needle, respectively. 10 
Reducing dietary protein levels lower than 20% to 10% to 14% may also be advanta¬ 
geous. 8 Angiotensin-converting enzyme (ACE) inhibitors have been suggested for asso¬ 
ciated hypertension. 13 

Nephrocalcinosis (deposition of calcium phosphate in the kidneys) is also seen in 
aged rats. It is more common female rats and incidence varies with the strain/stock. 
High levels of dietary calcium or phosphorus, low calcium/phosphorus ratios, or low 
magnesium may contribute to the disease incidence. Mineral deposition is generally 
observed histologically at the corticomedullary junction. 3 Clinically advanced cases 
may demonstrate renal dysfunction, including albuminuria. 6 

GENITOURINARY DISEASE 

Urinary calculi of the renal pelvis and urinary bladder has been reported and may be 
associated with hematuria, cystitis, hydronephrosis, and obstruction. Calculi have 
been composed of ammonium magnesium phosphate, mixed carbonate and oxalate, 
and mixed carbonate and phosphate with magnesium and calcium. 14 Water restric¬ 
tion may be associated with formation of calculi. 6 Calculi may occasionally be seen 
at the tip of the penis and be gently milked out. A small 23- to 25-gauge flexible intra¬ 
venous catheter may be used as a urinary catheter to back flush obstructive calculi 
into the bladder to relieve obstruction. Extremely gentle manipulation and plenty of 
lubricant are required, and a few drops of lidocaine may be mixed in the flushing solu¬ 
tion. In the male, the penis should be manually extruded, and after the catheter is 
placed into the tip the penis should be extended distally to allow advancement over 
the pubic area. Surgical intervention (cystotomy) may be successfully performed. 
Supplemental subcutaneous fluids, antibiotics, heat source, and analgesia should 
be provided. Choice of antibiotics, analgesics, and fluids from referenced sources 
should be made with consideration of the extent of organ compromise involved. 
Calculi should not be confused with vesical proteinaceous plugs, secretions from 
the accessory sex glands of the rat that may also be seen at the tip of the penis or re¬ 
fluxed back into the bladder. In aged rats, these secretions may become hardened 
and cause irritation and obstruction. 

Male Genital Track 

Preputial gland adenitis is common in rats older than 12 months. 15 Gland ducts may 
be distended with inspissated secretion and necrotic debris, and abscesses may 
also occur. Draining abcesses can be flushed with antibiotic/steroid salves or mild 
antibacterial solutions. Systemic antibiotics may be administered in more severe 
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cases. Prostatic hyperplasia and prostatic adenocarcinomas have been seen. 8 
Surgical debulking of the prostate, which has multiple lobes in the rat, including tissue 
ventral, dorsal, lateral to the urethra, and tissue ventral to the seminal vesicle, is a diffi¬ 
cult surgery requiring intensive postoperative supportive care. Small tumors located 
solely in the ventral prostate or seminal vesicle have the best chance for resection 
but owners should be cautioned that they will most likely return. Prostatic tumors 
may lead to obstruction of urine flow from the bladder. Testicular atrophy, interstitial 
(Leydig) cell tumors, dystrophic calcification in degenerating tubules, and polyarteritis 
nodosa of testicular arteries are also seen in the aged male rat. 8 
Female Genital Track 

After 9 months of age, litter size decreases, and the pregnancy rate declines after 12 
months of age. Fetal wastage may be as high as 65% by 11 months of age. 3 Hydrometra, 
pyometra, and cystic endometrial hyperplasia have been reported. 16,17 Surgical inter¬ 
vention, (ovariohysterectomyjmay be performed if the rat is otherwise stable. 18 Perioper¬ 
ative analgesics, antibiotics, supplemental heat, and fluid therapy are essential. 
MYOCARDIAL DISEASE 

Cardiomyopathy has been found to be a major cause of death in aged male rats (>1 
year), although there may be no obvious signs of cardiac insufficiency. Twenty-five 
percent or more of rats of some strains may be affected. Moderate-to-marked ventric¬ 
ular hypertrophy and pale streaks may be visible on gross necropsy. Necrosis of 
myocardial fibers and infiltration of mononuclear cells are seen histopathologically. 
The papillary muscles and interventricular septum are most commonly affected. 3,6 
Dietary restriction (25%-30% of total caloric intake ad libitum) has been shown to 
reduce the incidence of this disease in rats. 19 Therapy is supportive, although exper¬ 
imentally, ACE and zinc metalloproteinase inhibitors have been used successfully, to 
prevent left ventricular remodeling and systolic dysfunction by inhibiting matrix metal¬ 
loproteinase (MMP-2) activation. 20,21 
DERMATOLOGIC 

Thinning and loss of hair, yellowing of the hair in albino strains because of sebum 
accumulation in the skin and scaley discolored tails may be seen. 22 Yellow material 
accumulating on the tail and adjacent to the ear may darken with time, possibly 
from oxidation or bacterial action. Male rats also accumulate brown-pigmented 
“scales” on the skin over the dorsum, tail, and perineum. These scales overlay normal 
color skin and can be removed. It has been suggested that these scales may be 
oxidized lipid or amino acids. Gonadectomy/castration can be “curative.” 3 Orchiec¬ 
tomy of rodents has been described elsewhere but of particular note in the rat is 
that the inguinal canal must be closed after removal of the testes. 18 

ALVEOLAR HISTIOCYTOSIS 

Alveolar histiocytosis is a common incidental necropsy finding in the lungs of aged rats 
and should not be mistaken for viral pneumonia of rats. Grossly it appears as white-to- 
tan foci approximately 1 mm in diameter, on the pleural surface. Microscopically sub- 
pleural accumulation of foamy macrophages may be seen. The cause is unknown. 3 

POLYARTERITIS NODOSA AND ATHEROSCLEROSIS 

Polyarteritis nodosa is a chronic progressive disease of aging rats, occurring in 
medium-size arteries of the mesentery, pancreas, pancreaticoduodenal artery and 
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testis. It is a spontaneous disease seen more frequently in males of certain strains 
(Sprague Dawley and spontaneously hypertensive rats) or in rats with late-stage 
nephropathy. 6 Atherosclerosis of the aorta, carotids, and coronary arteries may 
develop in older rats, and has been associated with intensive breeding (siring or whelp¬ 
ing 5 or 6 litters in a 9- to 12-month period). Atherosclerosis may not be linked with 
myocardial degeneration in the rat, but significant coronary artery disease has been 
linked with acute subendocardial infarction in the rat. 23 

LIVER PATHOLOGY 

Bile ductular proliferation and extramedullary hematopoiesis have been seen in older 
rats. 6 

RETINAL DEGENERATION 

Although not specifically an aging change, retinal degeneration is seen in albino rats 
subjected to light intensities of 130 lux or greater, intensities that are generally harm¬ 
less to rats with pigmented uveal tracts. Because this is a progressive disease, caused 
by gradual reduction of the photoreceptor cell nuclei in the outer nuclear layer of the 
central retina, apparent disturbances in sight or subsequent cataract formation from 
this may be noted in older rats. 6 Owners with albino rats should be aware of light sensi¬ 
tivity in their pets. 

DEGENERATIVE OSTEOARTHRITIS 

Articular cartilage erosion of the sternum and femur is seen in aged rats. Osteoarthritis 
of the tibiotarsal joints and medial femoral condyles is also sporadically seen. 5,6 Decu- 
bital ulcers of the plantar surfaces of the hind feet may be seen in aged obese rats 
housed on wire. Severe cases may lead to chronic periostitis and osteitis. Chronic 
spondylitis is also seen in geriatric rats. Nonsteroidal antiinflammatories such as me- 
loxicam, carprofen, or flunixin meglumine may offer relief from arthritis. Recommen¬ 
ded dosages are varied and therapy may require tailoring the dose to the individual 
case. 9 ’ 10,24 ' 25 

CENTRAL NERVOUS SYSTEM DEGENERATIVE CHANGES 

Posterior weakness, disturbances in motor function, including tail dragging, or paresis 
in the aged rat may indicate radicuoloneuropathy, a degenerative disease of the spinal 
roots accompanied by atrophy of skeletal muscle in the lumbar region and hind 
limbs. 24 Incidence in older rats (>24 months) may be as high as 75% to 90%. Demy- 
elination and vacuolation are seen in the lumbosacral roots, most notably in the ventral 
spinal regions. 6,25 Although no nutritional component has been defined, some advo¬ 
cate supplementation with B complex. B vitamins have been shown to attenuate 
inflammatory and neuropathic pain effectively in experimental animals. 26-28 Oral and 
parental forms of B vitamins have been used. 

Focal Wallerian degeneration of the spinal cord and segmental demyelination of 
peripheral nerves, particularly the sciatic nerves, has also been noted. Degeneration 
of neurons in the brain and spinal cord have also been noted in aged rats. 29 

SKELETAL MUSCLE 

Muscles of the hind quarters, especially the gastrocnemius and adductor, may 
become atrophic and flabby in the geriatric rat. Rats affected by muscular 
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degeneration may have difficulty in using their rear limbs, develop posterior paresis, 
paralysis, loss of tail control, urinary incontinence, or atony. Weight loss may also 
be noted. Histologically, individual muscle fibers are decreased in diameter and there 
is a prominence of sarcolemmal nuclei secondary to hypertrophy and hyperplasia. 8 It 
has been suggested that the skeletal muscle lesions are caused by neurogenic 
atrophy secondary to nerve root and spinal cord lesions (radiculoneuropathy), 
although skeletal muscle lesions are delayed by caloric restriction and radiculoneur¬ 
opathy is not. 30,31 

Aged rats suffering from arthritis, neuro, or muscular disease need to be monitored 
closely to ensure that they are able to access food and water sources with ease. Trac¬ 
tion mats or additional bedding material on the bottom of the cage may help with 
ambulation. Soiling of the perineum may indicate an inability to self-clean. Rats should 
also be monitored to ensure they are able to urinate and defecate. If they are unable to 
move the tail well, there may be trauma and subsequent infection and necrosis. 

INFECTIOUS DISEASE 

The primary infectious disease of concern in the aged pet rat is murine respiratory my¬ 
coplasmosis (MRM), the major component of chronic respiratory disease. The caus¬ 
ative agent is Mycoplasma pulmonis. 32 The infection is generally silent in young 
animals. Clinical signs in aged rats may include dyspnea, snuffling, chattering, rales, 
nasal discharge, chromodacryorrhea, and head tilt. Rats with severe middle-ear 
involvement may spin when suspended by the tail. The disease may be transmitted 
horizontally by aerosol and direct contact, and vertically in utero. 33 Venereal transmis¬ 
sion may be possible. Mycoplasmosis should be differentiated from other bacterial 
pneumonias (such as cilia-associated respiratory bacillus, Corynebacterlum kutscheri, 
and streptococcosis) and from viral mycotic and environmental causes. Mycoplasma 
may be cultured from exudate in the upper respiratory tract and middle ears. 3,6 Enro- 
floxacin (10 mg/kg by mouth every 12 hours) combined with doxycycline (5 mg/kg by 
mouth every 12 hours) have proven efficacious in treatment of MRM. 9 

TUMORS 

Mammary tumors are common in older female rats. Of these mammary tumors 80% to 
90% are benign fibroadenomas; the remainder are carcinomas. Genetic susceptibility 
is the most significant factor, although diet and environment may also play a role. 
Unlike in the mouse, retroviruses do not seem to play a role in development of 
mammary tumors in rats. Prolactin levels in rats with tumors have been reported to 
be 25 times higher than virgin females. These tumors may become large and infiltrate 
locally without metastasis. These tumors may be resected if not too large, but may 
recur in another mammary gland. 3,6 

Interstitial cell tumors have a high predominance in the males of some strains of rats 
(see earlier discussion). The testes may be removed surgically. 

Pituitary adenoma is a common tumor in aged male and female rats. As with other 
tumors, genetic factors and diet may play a role. Rats may be asymptomatic or display 
profound depression and incoordination. It has been suggested that prolactin- 
producing pituitary tumors may be associated with increased incidence of mammary 
fibroadenomas. 34 

Large granular lymphocytic leukemia is a major cause of death in some strains of 
geriatric laboratory rats. Leukocyte counts of 400,000/mL 3 have been seen. Enlarged 
spleen (which may be palpable), icterus, anemia, weight loss, and depression are 
characteristic clinical signs. 6,35 
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GENERAL HUSBANDRY CONSIDERATIONS IN AGED RATS 

The aged rat may have difficulty ambulating because of arthritic, neurologic, or 
muscular disease. The primary enclosure of these animals should allow for easy access 
to food and water. Toenails may become overgrown in smooth-bottomed cages and 
may be a particular problem in aged rats with altered stance and gait caused by arthritis 
or neuromuscular degeneration. Flooring and bedding should allow adequate traction. 
Increased urination secondary to renal disease may require more absorbent materials 
to be used and more frequent cleaning schedules. Compromised animals may have 
difficulty in maintaining body temperature. Additional bedding material and supple¬ 
mental heat sources may be necessary. Caution should be taken not to overheat the 
rat. Heat lamps and heating pads pose greater risks than warm air or water blankets. 

Medicating rats can be challenging although sweet medications such as pediatric 
amoxicillin drops are generally well accepted. Water should be medicated with 
caution. Rats may avoid drinking medicated water and this risks adequate hydration 
and inadequate dosing. Mixing a sweet juice with the water may increase payability. 
Parental medication, oral medications hidden in sweet food or administered by 
gavage may be preferred. Flavored medicated rat treats are available commercially 
for the research arena. 

If abdominal or lengthy surgery is necessary in the aged rat, inhalant anesthesia 
such as isoflurane generally yields a more stable plane of anesthesia than injectable 
rodent cocktails. Anesthesia methods, sedation, and anesthetic dosages are available 
in several publications. 9 - 10,36-40 

Diet and longevity studies in laboratory rats have indicated that caloric intake may 
be the single greatest influence on the incidence and severity of lesions and 
longevity. 1 1 - 12 - 19 - 41 High levels of dietary protein (22% or higher) are associated with 
a high incidence of chronic nephritis and diets comprised of 20% fat rather than 5% 
to 10% are life shortening. Additionally, protein over- and undernutrition have been 
shown to modify neoplasm incidence. 8 - 42 


SUMMARY 

Geriatric disease in the pet rat is a sequela to aging, environment, and genetics and is 
not generally “curable.” At best, the clinician may be able to offer improved quality of 
remaining life for some patients. The informed clinician, however, may be armed with 
sufficient information to help the owner of a geriatric rat understand the geriatric 
disease processes and make an informed decision on humane care for their pet, 
including selection of euthanasia when treatment options are limited, not effective, 
or not available. 

Biomedical research continues to find new therapies aimed at improving the longevity 
and quality of life for humans and animals. The rat is central to this research. Research in 
the rat has included regeneration of spinal cord nerves and brain neurons, new pharma¬ 
ceutical and gene therapy for heart failure, new treatments for chronic renal failure and 
organ transplantation. 43-45 The laboratory rat is often the first species in which proof of 
concept, dosing, and efficacy is verified. Pet rat medicine has the opportunity to access 
cutting-edge therapies for the companion rat, developed first in and for the rat. 
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